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Cloning and Sequencing of Two Acetylcholinesterase cDNA 
Fragments from Cotton Aphid, Aphis gossypii Glover 
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Abstract: Two acetylcholinesterase (AChE) genes cDNA fragments, Ag.acel and Ag.ace2, have been cloned 
from cotton aphid, Aphis gossypii Glover using degenerate primers with RT-PCR technique. Ag.acel gene cDNA frag- 
ment is of 282 bp encoding 94 amino acids, and Ag.ace2 gene cDNA fragment is of 264 bp encoding 88 amino acids. 
Both two putative AChE genes cDNA fragments share numerous similarities with those cloned from other insects. This is 
the first report of two AChE cDNA fragment sequences in the insect species, which provided the direct evidence of multi- 
ple AChE existence in insects. 
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HSE: KH RT-PCR RA, AAAS DMA (Aphis gossypii Clover) P ERE H 2 + Z BEAR Ae BEA 
A cDNA HER, Ag.acel Hl Ag.ace2. Ag.acel EARI cDNA HER 282 bp, 4095 94 TAR; Ag. ace2 ZAM 
cDNA HERA 264 bp, mE 88 TAER., PIYE 2 TZ EAA AEREE A cDNA HEE RT eT) BE RF I BY 
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Acetylcholinesterase (AChE, EC 3.1.1.7) is an cides, which phosphorylate or carbamylate the AChE 


important enzyme in neurotransmission that terminates to block the hydrolysis of acetylcholine and so lead to 
nerve impulses at cholinergic synapses by hydrolyzing the death of pests. Widely use of these pesticides has 
the neurotransmitter acetylcholine. It is also the target led to the development of pesticides resistance, which 
for organophosphorus (OP) and carbamate insecti- has become a crucial problem in the control of agricul- 
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tural and medical pests. Numerous studies have re- 
vealed that the insensitive AChE is an important mech- 
anism, involving the changes in the AChE (Mutero et 
al., 1994; Fournier & Mutero, 1994; Villatte et 
al., 2000; Moores et al., 1996; Li et al., 
2001). To identify the mutation(s) in the AChE con- 
ferring pesticides resistance, AChE genes (ace) have 
been cloned and sequenced in some insect species in- 
cluding Drosophila melanogaster ( Hall & Spierer, 
1986; Fournier et al., 1989), Anopheles stephensi 
(Hall & Malcolm, 1991), Aedes aegypti (Anthony et 


al., 1995), Leptinotarsa decemlineata ( Zhu & 


Clark, 1995), Culex pipiens (Malcolm et al., 
1998), Boophilus microplus ( Baxter & Barker, 
1998), Nephotettix cinpeticeps ( Tomita et al., 


2000), Schizaphis graminum (Gao et al., 2002), 
Musca domestical (Walsh et al., 2001), Myzus per- 
sicae (Williamson & Devonshire, personal communi- 
cation), Lucilia cuprina (Chen et al., 2001), He- 
liothis armigera (Ren & Han, 2002). Unfortunately, 
data comparing the sequences from strains with sensi- 
tive and insensitive forms of AChE obtained from cattle 
ticks Boophilus microplus, green rice leafhoppers 
Nephotettix cinpcticeps and cotton bollworm Heliothis 
armigera showed no difference between sensitive and 
insensitive enzymes. This led to the two hypotheses 
about the genetic changes of AChE: alterations occur 
in the post-translational modification of the enzyme, or 
multiple AChE genes existing in the insect. Until 
now, there is no direct evidence of altered post-trans- 
lational processing. Recent studies had confirmed the 
multiple AChEs in the cattle ticks by the cloning of a 
second AChE-like gene (Hemandez et al., 1999). 
In insect species, biochemical and molecular studies 
have independently inferred two AChE genes that may 
exist in the mosquito species Culex pipiens. Two 
AChEs, AChE1 and AChE2, were characterized in 
C . pipiens , differing in their substrate specificity, in- 
hibitor sensitivity and electrophoretic migration pattern, 
corresponding to a sex-liked ace x gene and the resis- 
tance gene mapped to chromosome IÍ (Bourguet et 
al., 1996; Malcolm et al., 1998; Lenormand, 
1999). However, data of two AChE genes sequences 


are not available until now, which makes the hypothe- 
sis of multiple AChEs in insect species lacking of direct 
evidence. Here we report the cloning and sequencing 
of two AChEs cDNA fragments, 
Ag.ace2, from Aphis gossypii Glover, which provid- 


Ag.acel and 


ed the direct evidence of multiple AChE existence in 


insects. 


1 Material and Methods 


1.1 Cotton aphid and rearing conditions 

Cotton aphids, Aphis gossypii Glover, used for 
experiments are the clone 81 — 171B which was offered 
by the Rothamsted Experimental Station, United King- 
dom, and originally collected from untreated weed 
hosts in 1981. This clone has been maintained at 
Rothamsted as a reference clone exhibiting baseline 
susceptibility to insecticides. All aphids for test were 
reared routinely on cotton plant in the laboratory using 
caging method (Li & Han, 2001). 
1.2 RNA isolation and reverse-transcriptase-me- 

diated PCR 

Total RNA was isolated from frozen apterous adult 
cotton aphids using TRIzol reagent (Life Technologies , 
Gaithersburg, MD). 25 mg apterous adult aphids 
were ground in liquid nitrogen in 1.5 mL microtubes 
had homogenized in 1 mL of TRIzol reagent on ice. 
The remaining steps followed the manufacturer’s proto- 
col. First-strand cDNA was synthesized from the total 
RNA with reverse transcriptase (Superscript [] , Gibco 
BRL) with oligo (dT) as primer. 
1.3 Oligonucleotide primers 

Degenerate oligonucleotide primers from AChE 
cDNA fragments were chosen based on sequences con- 
served in AChE family as follows: sense primer was 
derived from the amino acid sequence WIYGGG, 5- 
TGGATHTAYGGNGGNGG-3’; anti-sense primer was 
derived from the amino acid sequence FGESAG, 5- 
CCNGCNSWYTCNCCRAA-3’. TaKaRa Biotech Com- 
pany synthesized all primers. 
1.4 PCR 

PCR were carried out in a PTC — 200 DNA engine 
(MJ researcher, Inc.). To amplifying the cDNA frag- 
ments of cotton aphid AChE, PCRs were performed in 


http://www.cqvip.com 


446 a 4 



































accordance with standard procedures with 2 pmol/L of 
each degenerate primer, 2U Taq DNA Polymerase. 
Touchdown PCR technique was applied. ‘The anneal- 
ing temperature decrease from 52 to 38 "C with two 
cycles at each temperature. 10 more cycles were ap- 
pended at annealing temperature 38 °C. PCR products 
were separated by electrophoresis on 1.2% agarose 
gels in TAE buffer. The resulting bands were visual- 
ized by ethidium bromide staining. 
1.5 Cloning and sequencing 

PCR products were isolated on low-melting point 
agarose ge! and purified with Wizard® PCR preps DNA 
USA ), 
and then cloned into pGEM®- T Easy vector (Promega 


purification system (Promega Corpo on, 


Corporation, ™"__,. The ligation reactions were used 
for transfor ations with DH5a competent cells. Suc- 
cessful cloning was screened with blue/white and stan- 
dard ampicillin selection. Recombinant plasmids were 
fully sequenced in both directions with BigDye termina- 
tors on an Applied Biosystems 377 automated se- 
quencer. 
1.6 Sequence analysis 

The DNA sequences were analyzed with DNAstar 
Blast performed at http: // 


www . ncbi . nlm . nih. gov / blast’. Sequences were 


software. search was 
aligned with clustalx software and viewed with GeneDoc 


software . 
2 Results 


2.1 A.gossypii AChE cDNA fragments and de- 
duced amino acid sequences 

A single DNA band of about 270 bp as expected 
was obtained using the degenerate PCR primers de- 
signed from conserved motifs in AChE gene family 
(Fig.1). Sequences obtained from 5 clones showed 
that there was two cDNA fragments encoding different 
AChE enzymes. One amplified fragment is Ag . ace | 
gene cDNA fragment with 282 bp encoding 94 amino 
acids, and the other is Ag. ace2 gene cDNA fragment 
with 264 bp encoding 88 amino acids (Fig.2). 
2.2 Sequence analysis 

The blast results showed that deduced AChE 


amino acids from Ag .ace l gene cDNA fragment of A- 





w R 23 & 
PCR product 
+ 270 bp 
Fig.l Amplification of cDNA fragments of acetylcholines- 
terase gene in A. gossypii Glover 
Lane 1: DNA marker; Lane 2: PCR product. 


phis gossypii shared numerous similarities with AChE 
from Myzus persicae ( 100%, AF287291), Nephotet- 
tix cincticeps (76%, AF145235), Leptinotarsa de- 
cemlineata (74%, L41180), Anopheles stephensi 
(71%, P56161 ), and Aedes aegypti ( 70%, 
566236). Whereas that from Ag.ace2 gene shared 
similarities with AChE from Schizaphis graminum 
(98%, AF321574), Boophilus decoloratus (71%, 
AJ006337), Loligo opalescens (70%, AF065384), 
U58731). It 
could be deduced that cloned AChEs from Myzus persi- 


and Caenorhabditis elegans (63%, 


cae and Schizaphis graminum are two different types. 
And Ag.acel and Ag.ace2, from Aphis gossypii cor- 
respond to the Myzus persicae type and Schizaphis 
graminum type respectively (Fig.3, 4). 


3 Discussion 


Two AChE genes, Ag.acel and Ag.ace2, had 
been successfully cloned from Aphis gossypii which 
showed only 35% identity in amino acid sequences be- 
tween each other. Blast and alignment results showed 
that Ag.acel has 100% similarity in amino acid se- 
quence with AChE from Myzus persicae, and Ag. ace2 
98 % 


graminum . Considering all three pests are belonging to 


does similarity in that from Schizaphis 


aphid species, AChEs cloned from Myzus persicae and 
Schizaphis graminum should be of different types. 


There might exist another type of AChE not amplified 


from these two aphid pests. 
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Two cholinesterase, AChE and butyrylcholineste- brates. Recent studies have showed that there may ex- 


rase (BuChE, EC 3.1.1.8), have been founded in ist multiple AChE genes in arthropods, which was 


vertebrates, but only AChE was reported in inverte- confirmed by cloning of another AChE-like gene in cat- 


Ag.acel 
1 TGG ATA TAT GGT GGA GGT TAT ATG TCC GGT ACT TCG ACA TTA GAT ATC TAT GAC GŒ GAT 
Y I Y G G G Y WM SG T STIT L DIY D GD 
61 TTA TTG GG GCT ACG TIC GAT GTA ATG ATT GCC TCA ATG CAG TAT AGG CTT GGG GCA TTT 
L L A A T F D Y M I } S M Q Y R L G A F 
121 GGT TCA TTG TAT TTA ACG CCC GAG CTC CCT GAG GAT AGC GAT GAC GCG CCT GGA AAT ATG 
G S L Y L T P E LP E D S D D A P G N M 
181 GGA TTA TGG GAT CAA GCG CTG GCT ATC AAG TGG ATC AAA GAA AAC GCA GCA GCT TTC Ga 
G L # D Q A L A I K W I K E N A A A F G 
241 GCT GAT CCA GAG ACA ATT ACA TTA TTT GGT GAA TCA GCA GŒ 
A D P E T I T L F G E S A G 


Ag.ace2 
1 TGG ATT TAT GGT GGA GGA TIT TAC TCC GGG TCA GCT ACT TTG GAT ATT TAC GAT COC AAA 
Ww I Y G G G E Y S G S A T L D I Y D P K 
61 ATA CTC GIA TCG GAA GAA AAC GIG ATT TTG GTA TCI ATG CAG TAC AGG GIC GCG TCA TTA 
I L Y¥Y S E E N ¥ I L Y S M Q Y R Y A S L 
121 GGA TTT TTA TAT TTC GAC ACT GAA GAC GIT CCA GGA AAC GCT GGA CIT TTT GAT CAG CTA 
G F L Y F D T E D Y P G NXN A G L F D Q L 
181 ATG GCG TTG CAA TGG GTA CAT GAG AAC ATT AAA TTA TTT GGC GGC AAT CCA AAC AAT GTG 
M A L AY Y K E£E WN IK LF G&@©@ GNAP NN Y¥ 
241 ACA CTT TIC GGT GAA TCG GCC GGC 
T L F G E S A G 


Fig.2 Nucleotide and deduced amino acid sequences of Ag .acel and Ag.ace2 gene amplified 
from A . gossypii 


* 20 g 40 h 60 


aphid-acel : WIYGGGYMSGTSTLDIYDGDLLAATFDVMIASMQYRLGAFGSLYLTPELPEDSDDAPGNMG : 61 


>PO ZI 


.persicae : WIYGGGYMSGTSTLDIYDGDLLAATFDVMIASMQYRLGAFGSLYLTPELPEDSDDAPGNMG : 61 
.cinctice : WIYGGGYMSGTATLDIYDADMVAATSDVIVASMQYRVGAFGFLYLSPELPPGSEEAPGNLG : 61 
.decemlin : WIYGGGYMSGTATLDVYDADIIAATSDVIVASMQYRLGSFGFLYLNRYFPRGSDETPGNMG : 61 
-Stephens : WIYGGGFMSGTSTLDIYNAEILAAVGNVIVASMQYRVGAFGFLYLAPYINGYEEDAPGNMG : 61 
.aegypti : WIYGGGFMSGTSTLDVYNAEMLAAVGNVIVASMQYRVGSFGFFYLAPYLN--DDDAPGNVG : 59 
WIYGGG MSGT TLD Y AA V ASMQYR G FG 1YL p aPGN G 
* 80 * 


aphid-acel : LWDQALAIKWIKENAAAFGADPETITLFGESAG : 94 


-persicae : LWDQALAIKWIKENAAAFGADPETITLFGESAG : 94 
.cinctice : LWDQALAIQWIKANIANFGGDPELCTLFGESAG : 94 
-decemlin : LWDQILAIRWIKDNAAAFGGDPDLITLFGESAG : 94 
-Stephens : MWBDQALAIRWLKENAKAFGGDPDLITLFGESAG : 94 
-aegypti  : LWDQALAIRWLKENAKAFGGDPDLITLFGESAG : 92 


lWDQaLAI W K Na aFG DP iTLFGESAG 


Fig.3 Alignment of deduced amino acids of Ag.acel gene from A. gossypii with AChE from Myzus persicae , 


Nephotettix cincticeps , Leptinotarsa decemlineata , Anopheles stephensi, and Aedes aegypti 


The similarities are 100%, 76%, 74%, 71%, and 70%, respectively. Identical amino acids in at least 5 sequences are showed 


at consensus line ( * ). 
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a 20 ai 40 * 60 
aphid-ace2 : WIYGGGFYSGSATLDIYDPKILVSEENVI LVSMOQOYRVASLGFLYFDTEDVPGNAGLEDQLM : 61 
S. graminum : WIFGGGFYSGSATLDIYDPKILVSEENVILVSMOYRVASLGFLYFDTEDVPGNAGLEDQLM : 61 
B.decolora : WIYGGGFYSGTSTLDVYDARTLVSEENVVVVAMNYRVASLGFLSFGNETLPGNAGLYDQYM : 61 
L.opalesce : WIYGGGFYSGTSTLDVYDPRHLVAENDIIFVSMOYRVSAFGFLALGI PEAPGNAGMEDQLM : 61 
C.elegans : WVYGGGEWSGTATLDVYDGRI LTVEENVI LVAMNYRVSIFGFLYMNRPEAPGNMGMWDOLL : 61 
WiyGGGFys8G TLD YD Lv Eenvi V M YRV GFL PGNaG DQlm 


* 80 
aphid-ace2 : ALOQWVHENIKLEGGNPNNVTLEGE SAG 
8.graminum : ALOWVHENIKLFGGNPNNVTLFEGE SAG 
B.decolora : ALKWVQENVAAFGGDPDRVTLFGESAG : 88 


L.opalesce ALDWVOQRNIKFEGGNPONVTLFGESAG : 88 
C.elegans AMKWVHKNIDLFGGDLSRITLFGESAG : 88 
vTLFGESAG 


Al WV Ni FGG p 


Fig.4 Alignment of deduced amino acids of Ag. ace2 gene from A. gossypii with AChE from Schizaphis 
graminum , Boophilus decoloraius , Loligo opalescens , and Caenorhabditis elegans 


The similarities are 98% , 71%, 70%, and 63%, respectively. Identical amino acids in at least 4 sequences are showed at con- 


sensus line (* ). 


tle ticks Boophilus microplus, and could be inferred 
under biochemical and molecular studies on AChE in 
Culex pipiens. Studies in this paper presented two 


AChE cDNA fragment sequences, Ag.acel and 
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